with health/performance variables for convergent validity (health-related work performance, number of chronic conditions, and general health) and demographic variables for discriminant validity (gender and institution type). Results A 1-factor model with three correlated residuals demonstrated excellent model fit (CFI = 0.99, TLI = 0.99, RMSEA = 0.03, and SRMR = 0.01). The scale reliability was acceptable (0.69, 95% CI 0.68-0.70) and the test-retest reliability was very good (ICC = 0.78). Low-to-moderate associations were observed between the 8-item WLQ and the health/performance variables while weak associations were observed between the demographic variables. Conclusions The 8-item WLQ demonstrated sufficient reliability and validity among employees from a public university system. Results suggest the 8-item WLQ is a usable alternative for studies when the more comprehensive 25-item WLQ is not available.
Introduction
Poor employee health is a major economic burden to employers [1] . In addition to the direct costs of poor employee health, there are substantial indirect costs related to lost productivity due to work limitations. Health related lost productivity results from days absent and lost productivity while at work. Studies suggest costs due to lost productivity at work have a sizable economic impact and exceed costs due to days absent from work [2, 3] . Given the financial implications, multiple tools have been developed to measure the on-the-job impact of poor health among employees [4, 5] .
Abstract Purpose To evaluate factorial validity, scale reliability, test-retest reliability, convergent validity, and discriminant validity of the 8-item Work Limitations Questionnaire (WLQ) among employees from a public university system. Methods A secondary analysis using de-identified data from employees who completed an annual Health Assessment between the years 2009-2015 tested research aims. Confirmatory factor analysis (CFA) (n = 10,165) tested the latent structure of the 8-item WLQ. Scale reliability was determined using a CFA-based approach while test-retest reliability was determined using the intraclass correlation coefficient. Convergent/discriminant validity was tested by evaluating relations between the 8-item WLQ One commonly used tool, the Work Limitations Questionnaire (WLQ), was designed to measure the on-thejob impact of chronic conditions and their treatment [6] . The original 25-item version captures four dimensions: time demands, physical demands, mental-interpersonal demands, and output demands. The 25-item WLQ has demonstrated high reliability and validity and has been used with many different samples [7] . An 8-item version has also been developed; however, no published studies to date have tested the validity or reliability of this short-form measure.
The 8-item WLQ was developed from the original 25-item version based on the eight most predictive questions of economic outcomes related to lost productivity [8] . Given the short length, the 8-item WLQ is commonly used in non-research settings such as health assessment (HA) tools [9] . However, multiple research studies have used the 8-item WLQ (often collected from HA data) to evaluate lost productivity at work [10] [11] [12] . Many of these studies cite the strong measurement properties from the original 25-item version despite the fact they are two different measures. Given the wide use of the 8-item WLQ, there is a need to evaluate its validity and reliability. This study aims to evaluate the factorial validity, scale reliability, test-retest reliability, convergent validity, and discriminant validity of the 8-item WLQ.
Methods

Design
A retrospective cohort study using secondary, de-identified HA data was used to evaluate the psychometric properties of the 8-item WLQ. Data were collected over a 6 year period with baseline data being used to test scale reliability and convergent, discriminant, and factorial validity. HA data were provided with a study identification number and stripped of all other identifying information prior to being shared with authors. Approval for data access and analyses was provided by the UT Health Science Center at Houston ethics review board.
Participants
Employees of a large university system who completed an annual HA during the respective years of study were eligible to be included in analyses. The HA was administered annually (from 2009 to 2015) to all benefits eligible employees who were at least 18 years of age. Employees could take the HA at any time during each respective plan year. For analyses testing the factorial validity, scale reliability, convergent validity, and discriminant validity, the sample consisted of employees who completed the 2009 HA. This sample was used because it was adequately powered (n = 10,165) and the 2009 HA contained questions most suitable for testing convergent and discriminant validity. The test-retest reliability sample was derived from employees who took the HA twice within a 45 day period and reported no notable changes in health (further defined in the "Measures" section). Employees were excluded from the test-retest sample if their HAs were taken ≤ 7 days apart. A 45 day period was chosen to include more respondents in the test-retest sample while accounting for those who reported health changes.
Measures
WLQ
The 8-item WLQ uses two questions from four dimensions related to on-the-job work demands: time management, physical demands, mental-interpersonal demands, and output demands. The recall period is 2-weeks with response categories capturing the percentage of time an employee has meeting the respective work demand. Response options include "all of the time (100%)," "most of the time," "some of the time (about 50%)," "a slight bit of the time," and "none of the time (0%)." There is also an option, "does not apply to my job," allowing workers to answer items faithfully, which were considered missing values. The two physical demands questions use a reversed scale and thus were reversed scored. To calculate percent time an employee was unable to meet job demands, responses were converted to percentages and averaged together to create a score ranging from 0 to 100. Thus, an index score of 0 represented an employee limited none of the time, whereas 100 represented an employee limited all of the time.
Additional Variables
Additional questions from the HA were used to describe the samples, analyze the convergent and discriminant validity, and define the test-retest sample. Key variables included gender, age, institution type (medical vs. academic), health-related work performance, number of chronic conditions, and general health. Health-related work performance was captured by the following question: "During the last month, what percentage of your work performance was affected by an underlying health condition, including allergies, headaches, back pain, depression, arthritis, or any other health condition?" The number of chronic conditions were determined by participants indicating if "a doctor ever diagnosed you with any of the following…aller-gies, arthritis, asthma, cancer, chronic back pain, chronic neck pain, chronic obstructive pulmonary disease (COPD), depression, diabetes, gastroesophogeal reflux disease (GERD), heart disease, migraines, osteoporosis, hypertension, and stroke." An ordinal variable was created to represent number of chronic conditions (0, 1-2, or ≥3). General health was determined by responses to the statement: "In general, my overall health is…" Response options included excellent, very good, good, fair, and poor.
Discriminant validity was tested using the gender and institution type variables while convergent validity was tested using the health-related work performance, number of chronic conditions, and general health variables. To determine the test-retest sample, changes in health were evaluated between assessments. Health changes were determined by changes in responses to the chronic conditions question or the general health question between HAs.
Statistical Procedures
Descriptive statistics were used to describe the demographics and health of the sample. For the WLQ items, means, standard deviations, and frequencies of missing data (both not applicable and missing responses) were evaluated. More specifically, the WLQ items were checked to ensure missing data did not exceed 15% of the sample for each respective item.
Factorial Validity
Confirmatory factor analysis was used to examine the latent structure of the WLQ. Since the 8-item WLQ is commonly used as a scaled score, a 1-factor model was initially tested. Full information maximum likelihood parameter estimation with robust standard errors was used as the estimator to account for missing data and the non-normality of the WLQ items. The collective performance of the following indicators were used to assess model fit: overall Chi square (non-significant value = good fit), comparative fit index (CFI, >0.90 = adequate fit and >0.95 = good fit), TuckerLewis index (TLI, >0.90 = adequate fit and >0.95 = good fit), root mean square error of approximation (RMSEA, 0.05-0.08 = adequate fit, <0.05 = good fit), and standardized root mean square residual (SRMR, <0.08 = adequate fit and <0.05 = good fit) [13] . In addition, the magnitude of factor loadings were evaluated for meaningfulness and statistical significance (p < 0.05). CFA models were tested using Mplus 7.31, Los Angeles, CA [14] .
Model adjustments were considered if models demonstrated poor fit. Modification indices were evaluated to determine if there were unspecified parameter estimates that could greatly improve model fit. Only theoretically meaningful modifications that greatly reduced the model chi square were added to improve fit. Measurement invariance was tested to evaluate if the model differed between two different respondent groups.
Scale Reliability
Scale reliability was tested using a CFA-based approach rather than Cronbach's alpha [15, 16] . Cronbach's alpha can underestimate or overestimate scale reliability depending on whether the scale contains correlated measurement errors [17, 18] . Scale reliability is represented by the proportion of true-score variance to the total observed variance in a measure [17] . Thus, using the CFA based approach, point estimation of scale reliability was captured using estimates of the true score and error variance (calculated using factor loadings, error variances, and error covariances from the final model). A reliability score ≥0.65 was considered acceptable [19] .
Test-Retest Reliability
Test-retest reliability was determined using the intraclass correlation coefficient (ICC). A two-way, random effects model was used as it was determined to be the most appropriate [20] . The ICC value is considered excellent when >0.75, good when between 0.60 and 0.74, moderate when between 0.40 and 0.59, and poor when below 0.40.
Convergent/ Discriminant Validity
Due to highly skewed distributions, Spearman's correlation coefficient was used to test convergent validity between the health-related work performance variable and ordinalized WLQ score. We hypothesized a positive correlation ≥ 0.60 between the variables. One-way analysis of variance (ANOVA) was used to test group differences in WLQ mean scores between people with 0, 1-2, or 3 + conditions, and between people who responded to being in excellent/very good, good, or fair/poor health. Post hoc pairwise comparisons were made using Tukey HSD tests. We hypothesized those in worse health (represented by greater chronic conditions and/or worse general health) would have significantly greater scores on the WLQ. Independent samples t-tests evaluated differences between genders and institution type, respectively. We hypothesized there would be no significant differences between gender or institution type groupings on WLQ scores. Test-retest reliability as well as convergent and discriminant validity tests were conducted using Stata 13.0, College Station, TX [21] .
Results
Participants
The 2009 HA respondents consisted of 10,165 employees. Seventy-two percent were female and the mean age was 42.1 years. A majority of the respondents were white (53.9%) and employed at a medical institution (67.6%). About 64% had at least one chronic condition and just over half (53%) reported being in excellent/very good health. The test-retest sample consisted of 18 employees (there were no data missing for the test-retest sample). There were 88 employees who completed two HAs within a 45 day period. However, 46 were excluded due to: (1) reporting a change in general health or number of chronic conditions (n = 42); or (2) completing two HAs ≤ 7 days apart (n = 4). Descriptive statistics for study participants are presented in Table 1 .
Factorial Validity
Item correlations, means, standard deviations, and percent missing data are presented in Table 2 . All missing data were due to not applicable responses and no items were missing more than 4.4% of responses. Results from fitting the 1-factor model with no correlated residuals suggested poor model fit (χ 2 = 8128.48, df = 20, p < 0.001, CFI = 0.59, TLI = 0.43, RMSEA = 0.20, and SRMR = 0.13). However, modification indices revealed uncorrelated residuals between items 1&2, 3&4, and 7&8, respectively, were greatly contributing to model misfit. Each respective item pairing captures a different dimension of work limitations (time, physical, and output demands). Thus, the respective sets of indicator variables have shared components providing theoretical support for fitting a new model allowing residuals of three item pairs to correlate [22] . Furthermore, the physical demands items (3&4) were reverse scaled on the questionnaire, which represents a method effect that may contribute to the covariation of the items beyond the common factor [17] . Results from the new 1-factor model with three correlated residuals suggested excellent fit (χ 2 = 168.77, df = 17, p < 0.001, CFI = 0.99, TLI = 0.99, RMSEA = 0.03, and SRMR = 0.01) (Fig. 1) . Although all factor loadings were statistically significant, the factor loadings for items 3&4 were low (0.22 and 0.21, respectively) relative to the other items.
The 1-factor model with three correlated residuals also demonstrated excellent fit with the 2015 HA respondents (χ 2 = 202.56, df = 17, p < 0.001, CFI = 0.99, TLI = 0.98, RMSEA = 0.03, and SRMR = 0.02). Invariance testing between the 2009 and 2015 respondents which constrained factor loadings and intercepts to equality between groups, resulted in minimal reductions in model fit based on the minor changes in CFI (ΔCFI < 0.01) values (Table 3 ) [23] . Therefore, results further support the factorial validity of the 1-factor model with correlated residuals.
Scale and Test-Retest Reliability
The point estimate of scale reliability for the 8-item WLQ was 0.69 with a 95% confidence interval from 0.68 to 0.70. The point estimate is considered in the acceptable range (≥ 0.65). Test-retest results demonstrated a high degree of reliability between measurements. The ICC agreement was 0.78 with a 95% confidence interval from 0.62 to 0.87 and F(41) = 7.81, p < 0.001. The mean time between measurements was 30.7 (±10.3) days.
Convergent and Discriminant Validity
Spearman correlation results demonstrated a significant, yet moderate correlation between WLQ scores and the health related work performance variable (Spearman's r = 0.51, p < 0.001). ANOVA results revealed significant group differences between the number of chronic conditions and general health groups, respectively (Table 4) . Furthermore, Tukey HSD results revealed significant differences between all respective groups for both variables. The effect sizes, measured by eta-squared, revealed a small effect for the chronic conditions variable and a medium-to-large effect for the general health variable [24] . Overall, results suggest WLQ scores were significantly higher for respondents who reported more chronic conditions or to be in worse general health.
Results from independent samples t-tests revealed significant differences between males vs. females and respondents who worked at a medical vs. a non-medical institution. However, eta-squared effect sizes for both group comparisons were very small, 0.002 and 0.001, respectively. Therefore the significant results are likely in part due to large sample sizes and not meaningful group differences.
Discussion
Several key findings about the 8-item WLQ were apparent in this study. First, a 1-factor model with three sets of correlated residuals demonstrated excellent model fit with multiple data sets. This finding suggests the measure is capturing one construct and supports the continued use of an index score. Second, the reliability tests were in acceptable ranges. More specifically, the point estimate of scale reliability was sufficient (0.69) and the test-retest results were very good (0.78). Third, all three convergent validity tests demonstrated significant associations suggesting sufficient construct validity. The associations between the chronic conditions and health related work performance variables with the WLQ were weaker than expected but still in the low-to-moderate range, while the general health variable demonstrated a moderate-to-high association as expected. Lastly, the discriminant validity tests revealed weak associations between gender and institution type with the WLQ. Even though associations were statistically significant, the effect sizes were very small further supporting construct validity.
The 8-item WLQ is primarily used as an index score representing health-related work limitations. Therefore, standardized factor loadings for each item were expected to be > 0.40. This expectation was confirmed with two exceptions. Loadings for items 3&4 (capturing physical demands) were 0.21 and 0.22, respectively. Other studies evaluating the 25-item WLQ have reported lower than expected correlations between the physical demands items and items capturing other work demands [25, 26] . Similar to the 25-item WLQ, the 8-item version uses reversed instructions and answer options for physical demands items. Therefore, lower than expected factor loadings could have resulted from respondents not recognizing the different instructions. However, the overall model fit was excellent supporting a 1-factor model.
The reliability tests demonstrated sufficient scale reliability and very good test-retest reliability. The 8-item WLQ scale reliability was lower than values reported from the 25-item version [6, 26, 27] . This finding is likely due to using a CFA-based approach rather than Cronbach's alpha, which can misestimate results in addition to having other limitations [17, 18] . Since Cronbach's alpha is dependent on the number of items, the 25-item WLQ would have a higher alpha even with a lower mean interitem correlation value. Even though the 8-item WLQ scale reliability is lower than reported values from the 25-item version, it is still in the adequate range.
The test-retest results further support the 8-item WLQ's sufficient reliability. Results were lower (0.79 vs. 0.93) than a study evaluating the test-retest reliability of the 25-item WLQ index score among employees with chronic conditions [26] . In contrast, our results were higher than results from a different study testing the 25-item WLQ index score reliability among a sample of cancer survivors (0.74) [27] . The unique samples make direct comparisons difficult; however, the 8-item WLQ appears to have good test-retest reliability and be within range of past studies testing the 25-item version.
The 8-item WLQ demonstrated sufficient construct validity based on the convergent and discriminant validity test results. The association between the 8-item WLQ and the health related work performance and chronic condition variables were lower than expected. However, the health related work performance variable was based on a 1-item measure, used a different time frame (2 vs. 4 weeks), and emphasized specific conditions. These differences likely contributed to finding a moderate rather than strong association. The weaker than expected relationship between the 8-item WLQ and number of chronic conditions was likely due to the question emphasized existing physician diagnosed conditions. Therefore, the question did not take into account undiagnosed conditions or existing conditions that are well controlled (and thus have little-to-no symptoms). Both of these scenarios would weaken the expected relationship between the variables.
Results from tests between the general health question, gender, and institution type provided the strongest support for construct validity. As expected, the 8-item WLQ had a moderate-to-strong relationship to general health. Furthermore, associations between the 8-item WLQ and the gender and institution type variables revealed very small effect sizes in magnitude and relative to the other convergent validity test results.
Limitations and Strengths
Study limitations primarily impacted test-retest reliability and convergent validity results. The test-retest sample was derived from respondents who took two HAs within 45 days. There were varying lengths of time between assessments that could influence the consistency between time points. An attempt was made to ensure the test-retest sample had stable health between time points by excluding respondents who reported health changes in general health or number of chronic conditions. However, neither health-related question has published reliability or validity information, meaning we could have excluded respondents from the test-retest sample who were in stable health. Lack of reliability and validity from study questions could have also weakened associations evaluated in convergent validity tests. Ideally, measures with strong psychometric properties such as the SF-36 or the 25-item WLQ would have been used to evaluate construct validity of the 8-item WLQ [6, 28] . However, these questions were not available in our dataset. This study was also conducted in a relatively healthy sample of employees from a university system. Therefore, results may not be generalizable to more specific employee subgroups or other work settings. This is the first study to test the reliability and validity of the 8-item WLQ despite its use in previous research studies. The main strength of this study was our ability to test multiple forms of validity and reliability. We had rare access to longitudinal data from a public university system. This access allowed us to derive a test-retest sample to evaluate measurement consistency over time. In addition, multiple years of data allowed us to cross-validate the final CFA model with a different respondent group further supporting the appropriateness and generalizability of the 1-factor model. Lastly, we used a CFA-based approach to evaluate scale-reliability, which is not subject to the same limitations as Cronbach's alpha. Therefore, we obtained a more accurate estimate of the measure's precision.
Conclusion
Based on study results, the 8-item WLQ demonstrated sufficient reliability and validity among a sample of employees from a public university system. Furthermore, results support the continued use of an index score based on all eight items. Past studies have used the 8-item WLQ to assess associations between health-related variables and work limitations [11, 12, [29] [30] [31] [32] , determine cost estimates associated with poor health [10] , and evaluate intervention effects [33] . Our findings provide additional support for results from these studies by providing evidence the 8-item WLQ is a valid and reliable measure. The 8-item WLQ is a usable alternative to the 25-item version. However, the 25-item WLQ is still the preferred measure in a research setting given its more comprehensive nature and strong psychometric properties that have been demonstrated among multiple populations [7] . Our work provides support for using the 8-item WLQ when more comprehensive measures like the 25-item version are not feasible. Future work should further test the reliability and validity of the 8-item WLQ in different employee samples and work settings.
